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Neural signature of behavioural inhibition in women
with bulimia nervosa
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Background: Impaired inhibitory control is considered a behavioural phenotype in patients with bulimia nervosa. However, the underlying
neural correlates of impaired general and food-specific behavioural inhibition are largely unknown. Therefore, we investigated brain activation during the performance of behavioural inhibition to general and food-related stimuli in adults with bulimia nervosa. Methods: Women
with bulimia and healthy control women underwent event-related fMRI while performing a general and a food-specific no-go task. Results:
We included 28 women with bulimia nervosa and 29 healthy control women in our study. On a neuronal level, we observed significant
group differences in response to general no-go stimuli in women with bulimia nervosa with high symptom severity; compared with
healthy controls, the patients showed reduced activation in the right sensorimotor area (postcentral gyrus, precentral gyrus) and right
dorsal striatum (caudate nucleus, putamen). Limitations: The present results are limited to adult women with bulimia nervosa. Furthermore, it remains unclear whether impaired behavioural inhibition in patients with this disorder are a cause or consequence of chronic illness. Conclusion: Our findings suggest that diminished frontostriatal brain activation in patients with bulimia nervosa contribute to the
severity of binge eating symptoms. Gaining further insight into the neural mechanisms of behavioural inhibition problems in individuals
with this disorder may inform brain-directed treatment approaches and the development of response inhibition training approaches to
improve inhibitory control in patients with bulimia nervosa. The present study does not support greater behavioural and neural impairments to food-specific behavioural inhibition in these patients.

Introduction
Bulimia nervosa is a common mental disorder with heightened morbidity and all-cause mortality.1 It is characterized by
recurrent episodes of binge eating accompanied by a feeling
of lack of control over eating. The binge eating episodes are
followed by inappropriate compensatory behaviours, such as
self-induced vomiting or laxative misuse to prevent weight
gain.2 The frequency of binging/purging behaviour in patients with bulimia nervosa is considered an important predictor of therapeutic outcome. Less frequent binging/purging
before the beginning of treatment is associated with better
therapeutic outcome and lower dropout rate in treatment
trials.3–5 Given the limited treatment response of patients with
a high frequency of binging/purging, a better understanding
of the neurobiological mechanisms of the behaviour as well as
the neural markers contributing to the severity of these core
symptoms are of great interest.
Numerous neuropsychological studies have investigated
the role of inhibitory control in bulimic-type eating disorders.6–9 Inhibitory control refers to the ability to suppress in-

appropriate and unwanted actions.10 Impaired response inhibition in individuals with bulimic-type eating disorders is
not limited to binge eating, but frequently includes several
impulsive behaviours (e.g., excessive drinking, substance
abuse),11 suggesting a more general dysregulation.12 A metaanalysis by our group13 examined data from neuropsycho
logical studies on response inhibition to general and disease-
salient stimuli in individuals with bulimic-type eating
disorders. In those with bulimia nervosa, we found impairments in response inhibition to general stimuli with a small
effect size and to disease-related stimuli with a medium effect size, indicating a larger impairment in response inhibition in patients when confronted with eating disorder–salient
stimuli. A basic difference of inhibitory controls is in mech
anisms that relate to overt behaviour, such as the control of
activated motor responses (i.e., behavioural inhibition), and
those that refer to mental processes, such as the control of
cognitive contents and attentional processes (i.e., cognitive
inhibition).14 In neuropsychological studies of bulimia nervosa, inhibitory control has been most frequently investigated with cognitive inhibition tasks (e.g., Stroop task, Simon
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task). These tasks measure the expression of inhibitory control
involving the cognitive and attentional suppression of task-
irrelevant information (i.e., interference control).15 The stop
signal task (SST) and the no-go task (as part of the go/no-go
task) are able to more specifically measure behavioural inhibition. While the SST measures the inhibition of an already
started action (action cancellation), the no-go task measures
the inhibition of a planned response (action restraint).16 In the
present study, we applied a classic no-go paradigm to assess
differences in the level of impairment to suppress motor responses to both general and food-related stimuli.
The functional neuroanatomy of response inhibition has
been studied extensively in nonclinical samples. Functional
MRI studies consistently reveal frontal lobe activation during
these tasks, especially in the right lateral prefrontal cortex
(PFC), dorsomedial frontal cortex (presupplementary motor
area [pre-SMA]), right middle/inferior frontal and right in
ferior parietal regions and subcortical brain regions.17–22 The
PFC and pre-SMA may work together in sending the stop
signal to the basal ganglia, which inhibits the behavioural
output of the primary motor cortex.23 Medial frontal areas,
particularly the pre-SMA, have been implicated not only in
response inhibition, but also in response selection.20,22 Frontoparietal activation, which is typically elicited by no-go signals, indicates additional attentional or working memory resources in addition to inhibitory processes.18 However, the
localization of brain activation within the frontal cortex during response inhibition tasks varies across studies, and this
variation appears to be task dependent.24
Preliminary evidence from food-specific no-go tasks suggests an association between body mass index (BMI) and foodrelated behavioural inhibition.25 The authors demonstrated
that BMI was negatively correlated with brain activation in the
PFC, with more overweight adolescents showing lower dorsolateral PFC, ventrolateral PFC, medial PFC and lateral orbitofrontal cortex (OFC) activation. Impairments in behavioural inhibition were associated with increased activation in food
reward regions (e.g., insula, temporal operculum), reflecting a
failure to deactivate food reward regions if necessary.25 These
preliminary findings suggest that a food-specific response inhibition paradigm is effective in assessing response inhibition
in patients with overeating, including bulimic-type eating disorders.2 However, the specificity of this finding remains unclear, as no nonfood control condition was included.
The underlying neural correlates of impaired inhibitory
control in patients with bulimia nervosa are not well understood. So far, 1 fMRI study26 investigated neural mechanisms
of behavioural inhibition in a sample of adolescents with
binge eating/purging behaviour and showed increased activation relative to healthy controls in the right dorsolateral
PFC, bilateral hypothalamus, right anterior cingulate cortex
(ACC), right middle temporal cortex (TC) and bilateral precentral gyri in an event-related no-go task with nonfood stimuli.
However, a limitation of this study was that the authors
grouped anorexia nervosa from the binge eating/purging
subtype together with bulimia nervosa in a single category of
binge eating/purging behaviour, limiting the specificity of
the results to either the binge eating/purging subtype of an-
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orexia nervosa or bulimia nervosa. Furthermore, neural correlates of cognitive inhibition (i.e., interference control) have
been assessed in adolescents27 and adults28 with bulimia
nervosa. During correct responding on incongruent nonfood trials, adolescent and adult patients showed diminished activation in frontostriatal circuits, including the right
lateral PFC and striatum. Diminished activation in fronto
striatal circuits was closely associated with symptom severity. Adolescent patients with bulimia nervosa with the most
objective bulimic and vomiting episodes deactivated the in
ferior frontal gyrus and precuneus.27 Adults with the disorder with the most objective episodes of binge eating/purging
engaged cortical areas (medial PFC, TC, inferior parietal cortex) and the head of the caudate nucleus the least.28 These results suggest that the association of cortical–subcortical activation with symptom severity is dose-dependent. In sum,
preliminary findings of impaired behavioural and cognitive
inhibition in patients with bulimia nervosa suggest fronto
striatal dysfunction, although the findings regarding increased or deficient activation are controversial.
Given the existing literature, there is a dearth of studies addressing behavioural inhibition in adults with bulimia nervosa
and including food-specific inhibitory control. Therefore, the
aim of the present study was to investigate whether adults
with bulimia nervosa show dysfunctional activation in the
brain inhibitory control network and to examine whether these
differences are specific to food-related stimuli or whether they
relate to a generalized impairment in behavioural inhibition.
Consistent with previous studies, we expected to find impaired behavioural inhibition in patients with bulimia nervosa associated with decreased activation within fronto
striatal networks to general no-go and food-specific no-go
stimuli and increased activation in limbic reward regions
(amygdala, striatum, OFC) in the food-specific no-go paradigm, reflecting a failure of top–down control to appetizing
food stimuli. Given the relevance of the symptom severity
(i.e., frequency of binge eating) for therapeutic outcome, we
additionally expected that neural markers of impaired response inhibition would be most pronounced in a subgroup
of patients with a high frequency of binge eating.3–5,29

Methods
Participants
We recruited women who met the diagnostic criteria for bulimia nervosa according to DSM-5 from our outpatient department at the Medical University Hospital in Heidelberg,
Germany, and through advertisements in the local media.
Additionally, we recruited age-, education- and BMI-matched
healthy controls through announcements at the hospital and
other public institutions as well as through advertisements in
the local media. All participants underwent a Structured Clinical Interview for DSM-5 Axis I disorders (SCID).2 Objective
binge eating episodes were thereby defined according to the
DSM-5 criteria. Participants were excluded from the healthy
control group if they had a lifetime history of an eating disorder. Further general exclusion criteria were claustrophobia;
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metallic implants; bipolar disorder; psychosis; a history of
head injury; hearing impairment; neurologic disorders; diabetes mellitus; nicotine, drug or alcohol abuse; and current psychotropic medication in controls or medication other than antidepressants in patients with bulimia nervosa. Participants
reporting a lifetime diagnosis of a borderline personality disorder were also excluded, as this disorder is known to be associated with impairments in inhibitory control and decision
making.30 We obtained oral and written informed consent
from all participants before including them in the study. The
study was conducted in accordance with the Declaration of
Helsinki and was approved by the local ethics committee of
the Medical School of the University of Heidelberg.

Procedure
The participants were tested individually in a single session
between 9 am and 2 pm. They were asked to come to the
clinic without having breakfast and to refrain from consuming alcoholic drinks for 24 hours before the experiment. After
arriving in the clinic, all participants received a light, standardized breakfast containing approximately 550 kcal. The
breakfast was followed by the SCID, after which participants
were asked to complete self-report questionnaires and a battery of neuropsychological tasks. We assessed depressive
symptoms using the Beck Depression Inventory-II (BDI-II).31
Eating behaviour was assessed using the Dutch Eating Behaviour Questionnaire (DEBQ),32 consisting of the restrained
eating, emotional eating and external eating subscales, and
different aspects of impulsiveness as a personality trait were
assessed using the Barratt Impulsiveness Scale (BIS-11), consisting of the attentional, motor and nonplanning impulsiveness subscales.33 At 12 pm, the MRI scanning was performed
for all participants, as this time corresponded to the lunchtime of most of the participants. We explained the experimental procedure to the participants and trained them in the
no-go paradigm before the fMRI measurement (described in
the section that follows). Additionally, all participants performed a reward paradigm (monetary and food incentive delay tasks) during the same scanning session. The findings of
the latter are reported elsewhere.34 Furthermore, hunger and
mood ratings were obtained from participants before the
fMRI measurement.

Experimental paradigm
The no-go component of the go/no-go paradigm is an established task to examine brain activation during response inhib
ition. The general and disorder-specific no-go paradigms
were conducted in accordance with previous studies by our
group and cooperating groups.35–37 The event-related design
was presented in 2 runs, each containing 8 blocks. The block
sequence of the different modalities in both runs was either
GFFGGFFG or FGGFFGGF (G = general block, F = food
block) and was counterbalanced across the participants. One
no-go block lasted 75 000 ms, 1 imaging run lasted 10.1 min or
303 scans. Participants were instructed to respond as quickly
and accurately as possible to the frequent target stimulus (go

stimulus: square in the general no-go task, household item in
the disorder-specific no-go task) but to inhibit any reaction to
the rare nontarget stimulus (no-go stimulus: circle in the general no-go task, food picture in the disorder-specific no-go
task). Before entering the scanner, all participants selected
8 pictures of their most favourite foods from a set of 85 custommade pictures showing high-caloric sweet and savoury
foods.38,39 The 8 pictures of household items were the same for
all participants. After leaving the scanner, participants were
shown the 8 individually selected food pictures used in the
paradigm again on a computer screen and were asked to rate
their arousal, valence, incentive salience (i.e., wanting), hedonic value (i.e., liking) and urge to binge eat during the in
itial viewing. The participants were also asked to rate their
arousal, valence, incentive salience and hedonic value of the
8 household items. Further details related to the task are given
in Appendix 1, Fig. S1, available at jpn.ca.

Behavioural data analysis
For each participant, we calculated the percentage of right reactions to both go stimuli and no-go stimuli for the general
no-go task (correct(%)_go_square, correct(%)_no-go_circle) as
well as the food-specific no-go task (correct(%)_go_nonfood,
correct(%)_no-go_food). Additionally, we calculated the
mean reaction times (RT) to go stimuli and no-go stimuli
(that were incorrectly responded to) for the general no-go
task (mean_RT(ms)_go_square, mean_RT(ms)_no-go_circle)
as well as the food-specific no-go task (mean_RT(ms)_go_
nonfood, mean_RT(ms)_no-go_food). We used Bonferroni
corrections for the accuracy as well as for the RT, resulting in
a statistical significance level of p = 0.013 for the accuracy as
well as p = 0.013 for the RT in the no-go task. A correlation
analysis between number of binge eating episodes per week
in the bulimia nervosa group and the behavioural data of the
no-go task were performed using a Spearman correlation
analysis. We compared the valence and arousal ratings for
the food pictures and household items between patients and
healthy controls using repeated-measures analysis of variance (ANOVA) with rating as the within-subjects factor and
group as the between-subjects factor.

Image acquisition and analysis
Imaging was performed using a 3 T Siemens Trio MRI scanner (Siemens Medical Solutions). We used a standard
32-channel head coil to acquire data from the entire brain.
The parameters used for image collection are described in
Appendix 1.
Data were preprocessed and analyzed using SPM8 software (Wellcome Department of Neurology) based on MATLAB version 7.13 (Mathworks, Inc.). Preprocessing of functional scans included slice time correction; realignment;
coregistration; normalization of functional and anatomic images to a standard Montreal Neurological Institute (MNI)
template brain (ICBM152), resulting in a voxel size of 3 × 3 ×
4 mm3 for functional images and a voxel size of 1 × 1 × 1 mm3
for high-resolution structural images; and smoothing. We
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used a 256-s high-pass filter to remove low-frequency noise
and signal drift. First-level statistical analyses were performed within a general linear model (GLM) approach.40 Details on the preprocessing and first-level analysis are described in Appendix 1.
On the second level of analysis, the individual contrast estimates from the first-level analysis for all participants were entered into a random-effects model, allowing population inference.41 Within-group activation was analyzed using a 1-sample
t test (no-go_circle–go_square, or no-go_food–go_nonfood, respectively) and between-groups activation using a 2-sample t
test (no-go_circle–go_square of first group minus no-go_circle–
go_square of second group, or no-go_circle–go_square of
second group minus no-go_circle–go_square of first group, respectively, as well as no-go_food–go_nonfood of first group
minus no-go_food–go_nonfood of second group, or no-go_
food–go_nonfood of second group minus no-go_food–go_nonfood of first group, respectively). Concerning our third hypothesis, we separated the bulimia nervosa group into subgroups of
low and high binge eating frequency using a median split. We
used a median split to address the observed high variance of
objective binge eating episodes per week within the bulimia
nervosa group in the best way. Furthermore, a median split
was also used to obtain 2 bulimia nervosa groups of the same
but still sufficient sample size. We report results of the 1-sample
t test that were significant at p < 0.05, cluster-level uncorrected
with a cluster-defining threshold of p < 0.05, family-wise error
(FWE)–corrected, cluster size k > 10. The FWE rate was used to
correct for multiple comparison and implemented in SPM. We
report results of the 2-sample t test that were significant at p <
0.05, cluster-level FWE-corrected with a cluster-defining threshold of p < 0.001, uncorrected, cluster size k > 10. To analyze activation in smaller volumes (i.e., the right dorsal striatum), we
performed a small volume correction42 using the cluster of activation in the right dorsal striatum significant at p < 0.05, clusterlevel uncorrected with a cluster-defining threshold of p < 0.001
uncorrected, minimal voxel size of 10. The location of the peak
activity associated with each cluster of activation is reported in
MNI coordinates.
Additionally, brain activation was extracted from regions
found in the whole brain analysis. For each cluster, the mean
percent signal change was extracted using MarsBar.43 Cor
relation analysis between the number of binge eating episodes per week and the mean percent signal changes extracted from the significant clusters were performed using a
Pearson correlation analysis. We used SPSS version 20 (IBM
Corp.) to analyze the data.

Results
We recruited 30 women with bulimia nervosa and 31 healthy
controls for participation in our study. Data from 4 people
had to be excluded due to technical problems, resulting in a
final sample of 28 women with bulimia nervosa (mean age
27.54 ± 10.52 yr) and 29 controls (mean age 27.25 ± 6.68 yr).
All participants were right-handed, older than 18 years and
had normal or corrected-to-normal vision. The mean BMI
was 21.24 ± 2.99 in the bulimia group and 21.83 ± 1.82 in the
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control group. The mean years of education was 12.68 ± 1.42
in the bulimia group and 12.72 ± 0.84 in the control group.
The clinical characteristics of the participants are summarized in Table 1. The mean number of objective binge eating
episodes per week was 3.71 ± 2.53, with a range of 1–7.5 objective binge eating episodes per week within the 3 months
preceding the study. One participant with bulimia nervosa
reported no binges during the 28 days preceding the study
(beginning of hospital treatment), but 1–2 binges per week
before the beginning of hospital treatment. Women with bulimia nervosa scored significantly higher on the BDI-II and on
the restraint, emotional and external eating scales of the
DEBQ (Table 1). For the BIS-11, patients with bulimia nervosa had significantly higher attentional impulsiveness
scores and a lower motor impulsiveness scores than healthy
controls. No group differences were found for the total score
and the nonplanning impulsiveness score on the BIS-11
(Table 1). To address our third hypothesis, we divided the
bulimia nervosa group into 2 subgroups based on the median
number of binge eating episodes per week over the 3 months
preceding the study (median 2.75 episodes); patients with
fewer than 3 binge eating episodes per week were assigned
to the low-frequency group (n = 14) and those with 3 or more
binge eating episodes per week were assigned to the highfrequency group (n = 14). The low- and high-frequency binge
Table 1: Clinical characteristics of study participants
Group; mean ± SD or %
Control,
n = 29

Bulimia,
n = 28

t55

p value

3.59 ± 3.13

25.63 ± 12.43

9.248

< 0.001

Restrained eating

11.79 ± 8.13

28.89 ± 7.76

8.119

< 0.001

Emotional eating

7.28 ± 4.74

28.45 ± 8.05

12.148

< 0.001

External eating

18.38 ± 6.68

25.14 ± 7.31

3.649

< 0.001

Total score

58.48 ± 6.44

61.81 ± 8.96

1.606

0.11

Attentional
impulsiveness

14.52 ± 2.08

17.89 ± 3.71

4.229

< 0.001

Motor
impulsiveness

21.28 ± 3.02

19.00 ± 3.68

–2.537

0.014

Nonplanning
impulsiveness

22.69 ± 3.53

24.93 ± 5.12

1.915

0.06

Objective binge
eating episodes/wk

—

3.71 ± 2.53

—

—

Purging-type (selfinduced vomiting,
laxative misuse,
diuretics)

—

85.71

—

—

Disorder duration,
yr

—

10.19 ± 11.35

—

—

Antidepressants

—

25.00

—

—

Current
psychotherapy

—

53.57

—

—

Subclinical bulimia*

—

3.57

—

—

Characteristic
BDI-II total
DEBQ

BIS-11

BDI = Beck Depression Inventory-II; BIS-11 = Barratt Impulsiveness Scale; DEBQ =
Dutch Eating Behaviour Questionnaire; SD = standard deviation.
*Patient with subclinical bulimia nervosa with no binge eating episodes during the 28 d
before participation.
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eating groups did not differ in age (26.43 ± 10.35 yr v. 28.66 ±
10.95 yr, t = –0.552, p = 0.59), BMI (21.71 ± 3.24 v. 20.76 ± 2.76,
t = 0.834, p = 0.41) or years of education (12.36 ± 1.55 yr v.
13.00 ± 1.24 yr, t = –1.212, p = 0.24). These 2 bulimia nervosa
subgroups also did not differ in depression scores on the
BDI-II, restraint eating (DEBQ) total score, BIS-11 total and
subscale scores, duration of the disorder, antidepressant use
or current psychotherapy (Appendix 1, Table S1). Women in
the high-frequency binge eating group scored significantly
higher in emotional and external eating than women in the
low-frequency binge eating group (Appendix 1, Table S1).

Behavioural data
Table 2 summarizes the behavioural data of the no-go task. A
2-sample t test revealed a trendwise group difference in accuracy in the general no-go task (p = 0.040) that failed to reach
statistical significance after correcting for multiple testing.
Healthy controls performed better than women with bulimia
nervosa in inhibiting the motor response to general no-go
stimuli. For the food-specific no-go task, no group differences
in accuracy were observed. Regarding the RT, no group differences were observed for the general or the food-specific
no-go task.
Appendix 1, Table S2, summarizes the behavioural data of
the no-go task of women in the low- and high-frequency
binge eating groups. We observed no group differences in accuracy or RT between these subgroups in the general or in
the food-specific no-go task.
The Spearman correlation analysis between the number of
binge eating episodes per week in the bulimia nervosa group
and the behavioural data of the no-go task resulted in no significant correlations between number of binge eating episodes per week and accuracy (all p > 0.59) and RT (all p >
0.76) for the general and the food-specific no-go tasks.
Valence and arousal ratings for food pictures relative to
pictures of household items differed between women with
bulimia nervosa and healthy controls. For valence, we observed no main effect of condition (F1,55 = 0.224, p = 0.64), but
there was a significant group (bulimia v. control) × condition
(food pictures v. household items) interaction in valence
(F1,55 = 17.701, p < 0.001), in that patients with bulimia nervosa
rated the food pictures more positively. For arousal, we observed a significant main effect of condition (F1,54 = 43.463, p <
0.001), indicating less arousal to food pictures as well as a significant group (bulimia v. control) × condition (food pictures
v. household items) interaction (F1,55 = 16.656, p < 0.001), in
that patients with bulimia nervosa showed less arousal in response to food pictures.

Imaging data
Whole brain activation within the control group
Whole brain activation within the control group during the
no-go_circle–go_square and no-go_food–go_nonfood contrasts are shown in Appendix 1, Table S3 and Table S4.
During general behavioural inhibition, we observed activation in the bilateral frontoparietal network, bilateral precen-

tral cortex, right postcentral cortex, right supplementary
motor area (SMA), bilateral insula extending into the putamen, bilateral occipital cortex, right inferior temporal cortex
and right thalamus.
During food-specific inhibition, we observed activation in
the inferior parietal cortex, right pre-SMA/SMA, bilateral insula extending into the putamen, right hippocampus, bilateral occipital cortex, left inferior temporal cortex, bilateral
midcingulate cortex and bilateral thalamus.
Whole brain activation within the bulimia nervosa group
Whole brain activation within the bulimia nervosa group during the no-go_circle–go_square and no-go_food–go_nonfood
contrasts are shown in Appendix 1, Table S5 and Table S6.
During general behavioural inhibition, we observed activation in the bilateral frontoparietal network, left precentral
cortex, left SMA, right insula extending into the putamen, left
putamen, bilateral occipital cortex and right temporal cortex.
During food-specific inhibition, we observed activation in
the bilateral frontoparietal network, right precentral cortex,
bilateral SMA, bilateral insula, right putamen and bilateral
midcingulate cortex.
Whole brain comparison between the control group and
the bulimia nervosa group
During the no-go_circle–go_square and no-go_food–go_
nonfood contrasts, the whole brain analysis between
healthy controls and patients with bulimia nervosa revealed
no significant differences in brain activation.
Bulimia nervosa subgroups
We observed significant differences in brain activation using
a 2-sample t test during the no-go_circle–go_square contrast
between healthy controls and women with bulimia nervosa
in the high-frequency binge eating subgroup (Table 3, Fig. 1).
The control group showed stronger activation in the right
postcentral gyrus, right precentral gyrus, right caudate nucleus and right putamen than the high-frequency binge eating patient subgroup. The right dorsal striatum (caudate
Table 2: Group differences regarding behavioural performance in the
no-go task
Group; mean ± SD
Measure

Control,
n = 29

Bulimia,
n = 28

t55

p value

Correct%
Go_square

98.73 ± 3.25

99.04 ± 1.94

0.426

0.67

No-go_circle

83.46 ± 10.41

77.12 ± 12.32

–2.101

0.040

Go_nonfood

98.67 ± 3.68

98.47 ± 3.41

–0.214

0.83

No-go_food

81.25 ± 9.21

78.91 ± 8.58

–0.993

0.33

Go_square

357.88 ± 38.06

358.86 ± 41.62

0.093

0.93

No-go_circle

322.28 ± 42.70

326.02 ± 49.58

0.306

0.76

Go_nonfood

415.28 ± 38.83

412.80 ± 40.67

–0.236

0.81

No-go_food

377.32 ± 48.72

389.76 ± 57.98

0.878

0.38

RT, ms

RT = reaction time; SD = standard deviation.
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 ucleus, putamen) was significant after small volume correcn
tion (pFWE < 0.05). Owing to the unequal sample size of the
healthy control group and the high-frequency binge eating
bulimia nervosa subgroup, we additionally performed a nonparametrical approach using the statistical nonparametric
mapping (SnPM13) software44 based on SPM8. Nonparametric testing was conducted with 5000 random permutations.
This approach confirmed our findings of stronger activation
in the right postcentral gyrus, right precentral gyrus, right
caudate nucleus and right putamen in the control group relative to the high-frequency binge eating bulimia nervosa subgroup (p < 0.05, cluster-level uncorrected; cluster-defining
threshold p < 0.001, uncorrected; cluster size k > 10). Controls
did not differ from the low-frequency binge eating subgroup,
and women in the low- and high-frequency binge eating sub-

groups did not differ from each other in brain activation during the no-go_circle–go_square contrast.
For the no-go_food–go_nonfood contrast, we did not observe any significant differences in brain activation during
the whole brain analysis between healthy controls and the
2 bulimia nervosa subgroups or between the low- and highfrequency binge eating bulimia nervosa subgroups. Levels of
brain activation in healthy controls and in the low- and highfrequency binge eating bulimia nervosa subgroups extracted
from the right sensorimotor area (postcentral gyrus, precentral gyrus) and right dorsal striatum (caudate nucleus, putamen) for the general and food-specific no-go tasks are shown
in Figure 2.
Within the bulimia nervosa group we found a negative
correlation for the general no-go task between percent signal

Table 3: Whole brain results of the comparison between healthy controls (n = 29) and patients with bulimia nervosa
with severe symptoms (n = 14) for the general no-go task
MNI coordinates
Region

Laterality

t value

x

y

z

BA

Cluster size

Postcentral gyrus (parietal lobe)*

R

5.05

33

–25

38

3

141

Precentral gyrus (frontal lobe)*

R

4.04

15

–28

70

4

Postcentral gyrus (parietal lobe)*

R

3.99

33

–28

66

4/6

Caudate nucleus†

R

4.55

18

11

18

Putamen†

R

4.01

27

17

10

Controls > bulimia nervosa

36

BA = Brodmann area; FWE = family-wise error; MNI = Montreal Neurological Institute; R = right.
*Results significant at p < 0.05 cluster-level, FWE-corrected; cluster-defining threshold p < 0.001, uncorrected. Cluster size k > 10 voxels.
†Results significant at p < 0.05 cluster-level uncorrected, cluster-defining threshold p < 0.001 uncorrected. Cluster size k > 10 voxels.

6

y = –28

z = 18

0

Fig. 1: Group comparison of brain activation during the general no-go task. Differences in group activation between healthy controls and patients with bulimia nervosa with a high frequency of binge eating (controls > high-BN) during the contrast no-go_circle–go_square. The significance threshold was set at p < 0.05, cluster-level uncorrected. The SPM t-map was rendered on a T1-weighted template image supplied with
mricron (Colin brain). The colour scale represents the t-scores.
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change extracted from the right sensorimotor area (postcentral gyrus, precentral gyrus) during the no-go_circle–go_
square contrast and the number of binge eating episodes per
week (r = –0.454, p = 0.015). Controlling for hunger and mood
of patients with bulimia nervosa before the fMRI scanning
showed that these factors did not influence the negative correlation between percent signal change extracted from the
right sensorimotor area (postcentral gyrus, precentral gyrus)
during the no-go_circle–go_square contrast and the number
of binge eating episodes per week (hunger: r = –0.458, p =
0.016; mood: r = –0.449, p = 0.019).

striatum in those with high symptom severity. This finding
was specific to the general no-go paradigm as we observed
no group differences in the food-specific no-go paradigm,
suggesting a more generalized impairment of behavioural inhibition rather than a disorder-specific impairment. As there
were no significant differences between the high– and low–
symptom severity groups in duration of the disorder, depression, medication use or psychotherapy, it is rather unlikely
that the observed differences were influenced to a greater extent by these factors.
In accordance with neuroimaging data, the behavioural
findings showed a trendwise impaired behavioural inhibition in response to general but not to food-specific no-go
stimuli in patients with bulimia nervosa. This result is in contrast to previous neuropsychological findings, suggesting
pronounced impairments of inhibitory control specifically in
response to food stimuli. 13 However, these findings are
largely based on food-specific cognitive inhibition, suggesting that in patients with bulimia nervosa, the need to suppress distracting food stimuli is a greater challenge than the
control of prepotent motor responses to food stimuli. On the
other hand, longer RTs in the food-specific than in the general no-go paradigm also indicate that inherent paradigm factors, such as visual complexity of the stimuli, may have contributed to the unexpected findings in the present study.
However, our food pictures were effective in eliciting greater
positive valence associated with lower arousal in patients
with bulimia nervosa. Notably, the same task design with
alcohol-related stimuli was successfully used to differentiate
between alcohol-dependent patients and controls.34,35 The authors of these studies found impairments of inhibition in
response to alcoholic stimuli but not to general stimuli for

Discussion
The purpose of this study was to identify the neural mech
anisms underlying behavioural inhibition in patients with
bulimia nervosa. To the best of our knowledge, this is the
first neuroimaging study investigating behavioural inhibition
in adults with this disorder using both disorder-specific and
disorder-unspecific no-go paradigms.
Contrary to our first hypothesis, we observed no significant brain differences during behavioural inhibition to general and food-specific stimuli in the bulimia nervosa group
compared with the control group. Our second hypothesis
was also not supported, as there were no greater engagements of the limbic system during food-specific behavioural
inhibition in patients with bulimia nervosa than in healhty
controls. In accordance with our third hypothesis, we observed diminished frontostriatal activity in patients with bulimia nervosa with a high symptom severity compared with
healthy controls. More specifically, we observed diminished
brain activation in sensorimotor brain regions and the dorsal

Right postcentral gyrus

Right caudate nucleus
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Percent signal change
(mean ± SEM)

Percent signal change
(mean ± SEM)

0.04

0
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0.02

0

–0.02

–0.04

–0.06
Controls

low-BN

high-BN
General no-go task

–0.04

Controls

low-BN

high-BN

Food-specific task

Fig. 2: Brain activation extracted from the significant clusters of the whole brain analysis (regions of interest) for the general and food-specific
no-go task in healthy controls and bulimia nervosa subgroups. Bar charts depicting percent signal change from the significant clusters (right
postcentral gyrus, right caudate nucleus) for the controls and patients during the no-go_circle–go_square (light colour) and the no-go_food–
go_nonfood (dark colour) contrasts. Error bars depict standard errors of the mean (SEM). High-BN = patients with bulimia nervosa with a high
frequency of binge eating; low-BN = patients with bulimia nervosa with a low frequency of binge eating.
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binge drinkers.34 However, the authors also observed that
both alcohol-dependent patients and healthy controls
showed a higher number of commission errors in response to
alcohol-associated stimuli in an alcohol go/no-go task and
concluded that the difference in picture complexity between
alcohol-associated stimuli and geometrical stimuli might be
the reason for this finding.35
The neural findings of diminished frontostriatal recruitment during general behavioural inhibition are in contrast to
those of a previous study in adolescents with bulimic-type
binge eating behaviour that reported increased activity in
this network.26 However, 2 previous studies addressing general cognitive inhibition in adolescents and adults support
diminished activity in the frontostriatal network during inhibitory control.27,28
In the present study, significant differences within frontostriatal networks were observed only in patients with bulimia
nervosa with 3 or more binge eating/purging episodes per
week. Patients with less severe symptoms showed no significant neural alterations compared with healthy controls and
patients with high symptom severity. This finding extends
previous research that focused exclusively on patients with
high symptom severity (mean binge eating frequency was
> 4 per week in all 3 previous studies). Furthermore, in the
present study as well as in the study by Marsh and colleagues,28 diminished activation in frontostriatal networks
was closely related to symptom severity (i.e., number of objective bulimic episodes). Future research is necessary to investigate whether diminished frontostriatal activity during
inhibitory control in patients with bulimia nervosa may serve
as a neural predictor (in extension to clinical markers) of therapeutic responsiveness and outcome.
Diminished control over motor responses in the present
study was associated with diminished cortical activation in
the motor cortex, including the primary motor, premotor and
primary somatosensory cortices. The motor cortex is involved in the planning, preparation and control of motor responses, including behavioural inhibition.45
The present concept of frontostriatal loops is based on the
assumption of a somatotopic organization of the striatum,
suggesting a functional subdivision of the basal ganglia into
limbic (ventral striatum), cognitive (caudate nucleus) and
sensorimotor networks (putamen).46,47 In the present study,
we observed deficient activation in the dorsal striatum with
activation peaks in the caudate nucleus and in the putamen.
The caudate receives input from frontal and parietal association areas involved in goal-directed behaviour, whereas the
putamen receives projections from primary sensory and motor cortices forming the sensorimotor network.46,47 Thus, the
neural findings predominantly support diminished inhibitory motor control in patients with bulimia nervosa with
high symptom severity.
Previous studies investigating cognitive inhibition27,28 have
identified diminished activation of the right lateral PFC and
striatum as core regions of impaired inhibitory control in patients with bulimia nervosa. A meta-analysis48 has identified
clusters of activation in the PFC, pre-SMA and insula during
behavioural inhibition. Thus, different inhibitory control
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tasks engage overlapping but distinct neural circuits, suggesting that the observed regional differences within the PFC
are task dependent.49
Thus, in addition to the cognitive frontostriatal network,
the present study may indicate that the sensorimotor fronto
striatal network is also involved in diminished inhibitory
control in patients with bulimia nervosa.

Limitations
Our study has the following limitations. We included only
adult women, limiting the generalizability to men or adolescents with bulimia nervosa. Furthermore, we were not able
to control for potentially confounding variables, such as depression, medication use, patient treatment status and duration of the disorder. However, the low symptom severity
group served as a clinical control group, as there were no
significant differences between the low and high symtpom
severity groups concerning these variables. In addition, we
did not account for menstrual status, which can modulate
neural function.50 However, menstrual status differed systematically across groups, so we don’t think that this confounded our findings. Furthermore, it remains unclear
whether impaired behavioural inhibition should be con
sidered as a cause or a consequence of chronic illness in patients with bulimia nervosa. Thus, future studies should
evaluate the functioning of behavioural inhibition processes
using a longitudinal approach and investigate patients after
the remission of symptoms.

Clinical implications
Gaining further insight into the neural mechanisms of behavioural inhibition problems in patients with bulimia nervosa
may inform brain-directed treatment approaches. Previous
studies provide evidence of positive effects of neuromodulation techniques (i.e., repetitive transcranial magnetic stimulation [rTMS]) on eating disorder symptomatology in individ
uals with bulimic-type eating disorders. 51–53 Repetitive
transcranial magnetic stimulation of the dorsolateral PFC in
individuals with bulimic-type eating disorders resulted in
lower cue-induced food cravings and could therefore reduce
binge eating. A recently published study reported rTMS-
induced decreases in cerebral oxygenation of the left dorsolateral PFC in patients with bulimia nervosa using near-infrared
spectroscopy.54 In another study, rTMS of the dorsomedial
PFC in a sample of healthy adults resulted in enhanced impulsivity via striatal mechanisms on the dopamine D2 receptor using positron emission tomography, indicating the importance of the dorsomedial PFC and striatum in decision
making and dopamine modulation.55 Furthermore, there is
evidence from previous studies with mostly nonclinical samples indicating that response inhibition training reduces problematic and impulsive behaviours and enhances prefrontal
cortical and striatal activation.56,57 Evidence of treatment effects should be extended to patients with eating disorders to
see whether response inhibition training could improve in
hibitory control, especially regarding binge eating episodes.
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Conclusion

13.

Our findings provide novel insight into the neural correlates
of behavioural inhibition in adults with bulimia nervosa. Altered neurotransmission in the sensorimotor frontostriatal
network may contribute to behavioural dysfunction in thesepatients, especially by moderating the severity of binge eating symptoms. However, it remains unclear whether these
alterations are a cause or consequence of bulimia nervosa.
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